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PREFACE

This program was initiated by Rome Air Development Center, Gritliss Alr
Force Base, New York. The advanced design and verification reported herein
was performed by the Electronics Division, Northrop Corporation, 1 Research
Park, Palos Verdes Peninsula, California, and Northrop's subcontractor,
Redwitz Research Corporation, of Irvine, California, under Contract
F30602-74-C-0322, The program manager for the design study was Mr, D, E.
Zavodnik and the project engineer was Mr. W. G. Baker. The contract
monitor for Rome Air Development Center was Lt. Ron Klotz. The contract
was initiated in June 1974 and completed in August 1974,
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ABSTRACT

A preliminary design of the Compass Preview System was completed in March
1974, under Contract F30602-73-C-0298. This design consists of a functional
modular approach for an imagery viewer and supporting equipment, providing

the capability to:

e View photographic and digital imagery in stereo Or mono.
Vary the magnification of imagery over a wide range.
Electronically process imagery.

provide relative and absolute automated mensuration and target
location determination with a direct readout,

Automatically retrieve photo data base imagery for comparison viewing.

provide hard copies of displayed digital and film imagery with annotations.,

Adapt new technological advances without major redesign, because of the
modular design approach.

The effort performed under this Advanced Design and Verification study was
a logical continuation of the above preliminary design to further validate
and verify the design of the Viewing Module, the critical subsystem through
which the imagery is displayed. The effort included the construction and

testing of an optical mockup incorporating a Viewing Module and a stereo
projection system fabricated to meet the optical design parameters of
Compass Preview, Additionally, design studies were conducted to determine
the feasibility and desirability of incorporating a low magnification
viewing mode into the system to provide for full frame-width film viewing
while retaining the annotation capability.
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EVALUATIOHN

The Compass Preview Advanced Design results have
verified the expected performance of the viewing module
as reported in the Preliminary Design Study (RADC-TR-74-257).
This effort is the last in a series of efforts to provide
a sound technology base and minimize high risk areas prior
to the fabrication of the prototype Compass Preview System.

The previous efforts have demonstrated the feasibility
of a Compass Preview System which will support imagery
: exploitation organizations, initially at SAC/544 ARTW and
2 in the future through the spectrum of other users. It
3 will offer the flexibility to be moided into various operational
L | units as well as adapting to the dynamic operational require-
‘ ments and future collection systeus. Additionally, the capa-
bilities Compass Preview provides will insure imagery intel-
ligence is derived in a time responsive manner.

/ Project Engineer
Imagery Applications Section
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SECTION 1
INTRODUCTION

This final report covers the work performed on Contract F30602-74-C-0322,
Compass Preview Advanced Design and Verification. The work was performed

by the Tactical Avionics Department of the Electronics Division, Northrop
Corporation, with Redwitz Research Corporation as a major subcontractor,
Additionally, Optical Research Associates, Inc., performed subcontract
optical design studies for Redwitz Research Corporation. This work was per-
formed under the direction of Rome Air Development Center, Griffiss Air
Force Base, Rome, New York,

This contract was a logical continuation of the Compass Preview Design Study,
and was performed co further validate and verify the preliminary design of
the Viewing Module, as defined in:

RADC-TR-74-257
Compass Preview Design Study
Final Technical Report, March 1974

Volume 1, Technical Description and Trade-off Studies

1he Viewing Module is an assembly consisting of a large Fresnel field lens
and a diffuser assembly, whose function is to receive two properly aligned
and projected high resolution stereo pair optical images, and transmit
these images into two properly sized pupils located at the observer's eyes.
In this manner, the observer can see large-screen stereo,

The objectives and work tasks to be performed under this contract were
defined by RADC PR No, 1-4-4611, which is presented in its entirety in
Exhibit 1-1 on the following page.

To satisfy the requirements of PR No. 1-4-4611, Northrop &nd its subcontrac-
tor, Redwitz Research, constructed a mockup duplicating the Compass Preview
preliminary optical design and Viewing Module, capable of providing the two
exit pupils at the representative magnifications; design studies and analyses
were conducted to determine the optical and mechanical aspects and feasi-
bility of incorporating the low magnification (2x to 5x) mode; and evalua-
tion testing was performed using the mockup to verify the design parameters
and human factors aspects,

The results of the analyses and the evaluation tests, and the conclusions
and recommendations drawn therefrom, are presented in Section 2 of this
report. The technical approaches taken to obtain these results are
presented in Section 3, Additional detail supportive data is included in
the Appendix, A summary of the most significant finding of the evaluation
test, the Viewing Module effect on resolution, is shown in Figure 1-1, and a
comparison of these results with the resolution capability of the Zoom 240
microstereoscope is shown in Figure 1-2 and Appendix E.

1-1




PR NO. I-4-4611

RESEARCH AND TECHNOLOGY WORK STATEMENT

1.0 Objective: The objective of this effort is the logical
continuation of the Compass Preview Program. As with any
sophisticated system there remains the task to verify and
validate the design of the modules and subsystems by perform-
ance evaluation and to integrate the modules to evaluate the
inter-module performance, human factors aspects and overall
system design and performance.

2.0 Scope: N/A
3.0 Background: N/A
4.0 Tasks/Technical Requirements

4.1 The contractor shall conduct studies leading to the
design finalization of the viewing module including study of
human engineering and human factors aspects. This study shall
include but not be limited to the following:

4.1.1 Performance evaluation of a two exit pupil viewing
module conducted via a mockup suitably constructed so as not
to deleteriously influence the test results and shall consider
as a minimum:

4.1.1.1 The fresnel lens design requirement and shall verify
that either a requirement exists for a variable diffusion
capability or that a fixed diffusion capability is satisfactory
to produce the requisite output resolution and pupil size with
a 0.3 inch projection lens exit pupil.

4.1.1.2 Two magnifications to ascertain the axial, zcnal, and
edge resolution using at least a 600 line pairs/mm resolution
target.

4.1.1.3 The effect that image size and the projection cone
angle have on the diffuser.

4.1.2 Performance evaluation of direct viewing of imagery
from 2x to 5x magnification shall be performed through the use
of the system mockup (para. 4.1.1) and shall consider but not
be limited to:

4.1.2.1 The analysis of the optical aspects of the require-
ment including the design option to install an adapter lens
system to the projection module to provide an overview of
large sections of film and to provide variable magnification
below 5x in addition to the capability of extracting hardcopy
reproductions with annotations.

4.1.2.2 Analysis of tie mechanical aspects of the require-
K»ment including the impact of the adapter lens design option.

EXHIBIT 1-1

1-2
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MEASURED EYEBALL RESOLUTION
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The comparison of the Compass Preview viewing module
and the Zoom 240 Microstereoscope in Figure 1-2 and Appendix
L are for on-axis resolution only. It is important to
note tnat resolution degradation off-axis is c¢xtrewme for
the Zoom £40 (as results indicate in RADC-TR-7J-150) compared
to the Cowpass Preview system (reference Appendix 3,
plo-11).
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SECTION 2

CONCLUSIONS

The technical approach for the Compass Preview Advanced Design and Verifi-
cation was threefold:

a) A precision optical mockup, capable of closely duplicating the Compass
Preview optical design parameters at discrete magnifications of 1.8X,
5X and 83X, was designed and constructed,

Design studies were conducted to ascertain the feasibility of incor-
porating a low magnification (2X) capability into the Compass Preview
design.

Evaluation testing was conducted using the mockup to verify the design
of the Viewing Module, and to evaluate the low magnification viewing
mode,

This section presents the findings of the evaluation tests and the design

studies, the conclusions reached therefrom, and recommendations as to the
application of these conclusions to the Compass Preview preliminary design.

2.1 TFINDINGS

The findings of this effort are subdivided into two categories:

a) Findings resulting from the evaluation test program.

b) Findings of the optical and mechanical design studies on the feasi-

bility of incorporating the low magnification capability.

2.1.1 Evaluation Test Findings

Based on the evaluation tests, the following conclusions are reached by the
contractor:

a) Need for Variable Diffusion; Two distinct levels of diffusion are
required in Compass Preview. However, rather than have the two diffusers
function as one for mono (2D) viewing and one for stereo (3D) viewing
per the Compass Preview preliminary design, they will better serve as
one diffuser for general purpose viewing (mono and stereo); and one for
detailed viewing, as described in paragraph 2,1.1.1,

Viewing Module Resolution: The Viewing Module (Fresnel lens plus
diffuser) evaluation shows that the human operator, seated at the proper

R DA
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23-inch viewing distance, can expect to resolve between 3 and 3.5 line
pairs per millimeter per power of magnification with improved Fresnel

and diffuser. This resolution factor could be ifmproved if desired by

increcasing the Compass Preview zoom lens response (modulation transfer
function) by increasing its aperture; the maximum perceived resolution
can be increased by increasing the zoom lens magnification, and/or by

decreasing the 23" viewing distance (see Appendix C).

c¢) Effect of Image Size and Projection Cone Angle: The consensus of con-
tractor personnel is that head motion and operator comfort factors while
viewing Compass Previous in stereo is excellent compared to microstereo-
scope viewing for any prolonged period, and that the circular screen
shape of 19,5-inch diagonal size is preferred. However, this finding
will require more extensive evaluation by Air Force P.I.'s before a final
determination is made. There appears to be no effect on the diffuser
when the projection cone angle is changed.

d) TLow Magnification (2X - 5X) Viewing: The low magnification viewing
mode provides an excellent quick-scan look capability of the image.
More detail can be seen and evaluated on the viewing module at 1.8X
than can be seen with the unaided eye viewing the film directly,

It is mechanically and optically feasible to incorporate this feature
into the Compass Preview preliminary design.

The supporting data for the above findings is discussed in the following
paragraphs. Additionally, all the 'raw' data sheets, completed by the
observers per the test plan (Appendix A), are included in Appendix B.

2.1,1.1 Need for Variable Diffusion

To evaluate the diffusers, the Compass Preview mockup with Fresnel field
lens and projection optics of 83X, 5X, and 1.8X were used to evaluate the
two diffusers supplied by Redwitz Research Corporation.

e Diffuser #1, Redwitz number 2G-4-2064 (referred to as #2G on data
sheets); this diffuser provides smaller pupils (less diffusion) and
was intended for sterec viewing.

e Diffuser #2, Redwitz number 3G-6-2064 (referred to as #3G on data
sheets); this diffuser provides larger pupils and was intended for
mono viewing.

These diffusers were first evaluated subjectively with stereo palr imagery
projected. The number 3G diffuser provides acceptable mono viewing and ex-
cellent stereo viewing. The number 2G diffuser provides marginal mono
viewing and the stereo quality, while good, was not as comfortable to the
viewer as was the viewing using the 3G diffuser, With the 2G, head motion
is more restrictive and the apparent screen brightness is greater but more

2-2




variable with head i:otions, With both diffusers, minute color scintilla-
tions around diffuser zranulations can be seen, but these are not objec-
tionable and do not cetract from viewing. ﬁ

Next, the diffusers were tested for pupil size and brightness distribution,
and photographed. The methods used are outlined in Section 3 and in

Appendix C. 4

o

—

Figures 2-1 and 2-2 are the photos taken of the pupils at 53X projected mag-
nification with the 2G diffuser in place and a reference grid in the pupils.
Figures 2-3 and 2-4 are the pupils at 5X using the 3G diffuser., Figure 2-5
is the pupils of the Fresnel lens only (no diffuser). The source illumina- i
tion at 5X was 225 watts, i

Figures 2-6 and 2-7 are pupils at 83X projected magnification with the 2G ‘
diffuser; Figures 2-8 and 2-9 are at 83X with the 3G diffuser, and 2.10 is I
the Fresnel-only pupils at 83X. The source illumination used at 83X was
reduced to 175 watts,

Photos of the pupils at 2X are nearly identical to those at 33X and 3X,
and are included in Appendix B,

The 225-watt illumiration setting at 5X, and the 175-watt setting at 83X
appeared to viewers of imagery to give the "best" picture (subjectively)
at these magnifications. Recording the pupils on film at these settings,
and with identical crmera settings, causes the photos of the 83X pupils to
appear smaller than the 5X pupils. Due to the fact that pupil edges are
not distinct, changing camera or illumination settings causzs variations
in the size of the photographed pupil. The human observers could tell no
difference in pupil size at the two magnifications. ¥

Figures 2-11, 2-12 and 2-13 are plots of the recorded brightness of the
pupils and the source illumination at 83X, 5X, and 1.8X, respectively.
These plots represeat the fall-off in observed screen brightness one sees
while looking at the center of the screen and moving the head laterally or 1
vertically across the pupil. Screen "gain" data is also included on Figure |
2-12., Figure 2-11 alro includes a dual exit pupil plot of % brightness
distribution for bott diffusers,

Measurements of apparent screen brightness with the head fixed and the eye
roving across the screen from a fixed position (angular scanning) could not
be made with the equipment available for test., From a subjuctive standpoint,
the screen brightness appears nearly constant to the viewer with the head
stationary and scanning with eye motion only. It is more nearly constant
with the 3G diffuser than with the 2G diffuser,

2-3
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Figure 2-1, 5X, 2G Diffuser, Single Pupil

Figure 2-2. 5X, 2G Diffuser, Both Pupils

2-4
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Figure 2-3.
5%, 3G Diffuser, Single Pupil

Figure 2-4.

5X, 3G Diffuser, Both Pupils

42891

Figure 2-5. 5X, Fresnel Lens Only
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Figure 2-6,

42892

84X, 2G Diffuser, Single Pupil

rigure 2-7.

84X, 26

Diffuser, Both Pupils



Figure 2-9.

84X, 3G Diffuser, Both Pupils

Figure 2-10.

Figure 2-8.

84X, 3G Diffuser, Single Pupil

42893

84X, Fresnel Lens Only
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The third test involving diffuser performance involved resolution testing
(discussed in detail in Paragraph 2.1.,1.2). From this test it was deter -
mined that the greater the diffusion, the greater the effect on optical
resolution,

This fact, coupled with the earlier finding that the best nono diffuser also
provides the most comfortable stereo viewing, leads to the stated conclusion
that one diffuser can be used for both mono and stereo viewing in general,
but that when an object is to be minutely examined for detail, a second
diffuser designed for high resolution, rather than large pupil size,

should be used,

Further, the "general viewing'" diffuser should provide a slightly larger
pupil size than thet provided by the tested 3G-6-2064 diffuser, and

the "high resolution' diffuser can provide a smaller pupi® if it could pro-
vide a significant corresponding increase in resolution,

2.1.1.2 Viewing Module Resolution
To evaluate the optical resolution effects, precision USAF 1951 resolution

test patterns were placed in the film gates of the mockup. The following
test patterns were used:

a) TFor 83X testing, an ITEK XTRG 302.112A high contrast (>20:1) target, from

16 to 912 1p/mm (group 4-1 to 9-6) was used.

b) For 5X and 2X testing, an ITEK STR 702.112 high contrast target, from
1 1p/mm to 228 1lp/mm (group 0-1 to 7-6) was used.

The resolution readings were taken at nine locations (one axial, four zonal,
and four edge) over the viewing screen. For each location, resolution on

the complete viewing module was read by three observers viewing the screen

in proper positioa., Then the same reading was taken using a low power (12X)
telescope. Then, still using the telescope in the pupil, the diffuser was
removed and resolution again read, and then the Fresnel was removed and the
direct projected resolution read. In this manner the resolution contribution
of each element was determined.

Figure 2-14 is a plot of the resolutions taken at 83X, in 1lp/mm at the film
plane. Curve A is the resolution read by eye on the viewing module assembly,
curve B is the resolution read by telescope on the viewing module, curve C

is the resolution with the diffuser removed (Fresnel in place), and curve D
is the resolution with the Fresnel removed (projected resolution to the
viewing module).
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Note that curve D essentially is the measured resolution of the commercial
projection lens used. Manufacturer's performance data was not available for
these lenses at the time of purchase, but supplier experience indicated they
were the best available and had near diffraction limited performance, which
was confirmed by these tests,

A comparison of Figures 2-14 and 2-15 with Figures 2-11 and 2-12 shows that
the resolution performance degrades only minimally (215%) from axial readings
to edge readings, while the illumination level falls rapidly from axial to
edge location (x600%), indication that resolution performance is not a direct
function of illumination level or distribution.

A review of the data shown in curves Al, Bl, Cl and D1 (data sheet dated
7-30-74, reproduced as page B-10 of Appendix B) was at some variance with
previous performance data., A review of the system indicated that reducing
the screen illumination by varying input voltage to the source was not the
optimum method, and the axial readings were repeated using neutral density
filters and a blue cut-off filter to lower screen illumination. These
readings were taken with a 7X eye loupe at the Viewing Module, and are
shown as the improved curves A2, B2, C2 and D2, on Figure 2-14,

Figure 2-15 is a similar plot of the measured resolutions taken at 5X.

As a result of this data, an additional test was conducted to remove all
effects from the projectors, For this test, the 1 to 228 lp/mm target was
first viewed by observers at the Compass Preview 23-inch viewing distance;
it was then placed on the back side of the Fresnel field lens and read, and
then on the back side of the diffuser and read, and finally on the back
side of the Fresnel/diffuser assembly and read, with all readings taken by
eyeball at 23-inch viewing distance. The results are presented in Table
2-1,

TABLE 2-1, TEST RESULTS, 23-INCH VIEWING DISTANCE

Group (2 observers) 1p/mm

1. Target STR 702,111 alone 2-2, 2-3 4.7 avy
2, Target behind Fresnel 2-1, 2-1 4,0 avg
3. Target behind diffuser 3G 1-6, 1-6 3.56 avg
4. Target behind diffuser 2G 2-1, 1-6 3.80 avg
5. Target behind diffuser and Fresnel 1-5, 1-5 3.17 avg

The above test represents an unachievable ideal situation; i.e., an image
projected up to the viewing module with no loss of modulation (contrast),
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Item 1 (viewing of the target alone) is of particular interest. The
commonly accepted value for resolution of the human eye is one arc-minute,
Using that value (sin one arc-min = 0.00029), the eye at 23,25 inches
(590.55mm) should resolve 590.55 x 0,00029 = 0.171 mm or 0——171- - 5.85
1p/mm (100% contrast). Yet, the average of two tested obsarvers, with

20/17 and 20/18 vision respectively, is that they can resolve 4.7 1p/mm, not
5.85 Ip/mm, using a 1007 contrast targel viewed from 23,25 inches.

Note from Figures 2-14 and 2-15 that the resolution of the wockup projec-
tion system is 645 1p/mm at 83X, or over 7 lp/mm at the screen, and that
this perrormance closely matches that calculated for the Compass Preview
zoom lens (6 lp/mm at the screen),

Note that with limiting resolutions of the eye, Fresnel and diffuser as
measured above, the measured system (eye) resolution was 2.8 line pairs/
mn at 83X, and 3.2 1p/mm at 5X. It is estimated that after optimization
of the Fresnel and diffuser, and utilizing the present zoom lens design,
the system screen resolution can approach 5.0 lp/mm, which relates to an
eye resolution of greater than 3,0 1lp/mm, when viewed at & 23-inch viewing
distance. An analysis of eye performance viewing the projected imagery is
presented in Appendix C.

During resolution testing using the telescope for readings of "Fresnel only"
resolution, it was noted that the grooves of the Fresnel lens tend to con-
fuse resolution readings with the telescope. This fact leads to the ques-
tion whether the selection of 150 grooves/inch for the Compass Preview
Fresnel lens is an cptimum, In order to examine the Fresnel spacing effect
on resolution for this application, several other Fresnel lenses from the
contractor's laboratory were fitted to the mockup and test:d, These lenses
provided groove densities of 48 grooves/inch (3 lenses), 125 grooves/inch
(2 lenses) and 300 grooves/inch (1 lens). Tests were taken at the axial
location only for these lenses, and the results are shown in Figure 2-16,
They were also read with the grooves toward the projector (as designed) and
with the grooves toward the operator. The conclusions from this test are:

a) The density of 125 grooves/inch is best of those tested.

b) Performance is slightly better in some cases with grooves toward the
operator,

¢) There is considerable spread of performance of Fresnel lenses of the
same groove density., This could be caused bys:

1) Different f/numbers (focal lengths)
2) Material from which lens is made
3) Manufacturing method, or quality,
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Additionally, a series of tests were conducted using a 7X eye loupe at the
viewing module, instead of the 12X telescope located approximately 4 feet
from the Viewing Module, to determine if the telescope method of reading

) used for the measurements had itself limited or distorted the readings.

These results are shown in Table 2-2 (for point A axial readings only),
and show that readings with the loupe are better because the image magnifica-

tion presented to the eye with a 7X loupe at 1" viewing distance is greater
than that presented by the 12X telescope at 48" viewing distance. Resolution
measurement methods are shown in Figure 2-17,

TABLE 2-2 TEST RESULTS, USING 7X EYE LOUPE

Max Reading - Telescope* Max Reading - Loupe¥¥*

Magnification 83X 5X 83X 5X

Aerial Image (Projected) 7.8 7.8 7.8 10,1

Aerial Plus Fresnel 4,2 6.2 4.9 7.1

Aerial, Fresnel, Plus 2.8 4.2 4.3 5.1
Diffuser

*From above test of different diffusers - Appendix B, Test No. 1, Pages 1 & 2.
*%Taken after adding neutral density and blue filters to reduce illumination
level.

All of the resolution tests conducted lead to the conclusion that the

Compass Preview Viewing Module can be improved by optimizing the Fresnel

lens design for groove density, manufacturing method, and material; and
b optimizing the high-resolution diffuser for better resolution with the
- resultant smaller pupil.

A Viewing Module with these improvements could present up to 5.0 1p/um at
the Viewing Module and 3.5 lp/mm to the nnaided cye at the proper 72%-inch
viewing distance, or 350 lp/mm of film resolution at 100X, using the

currently designed zoom projection lens.

To further improve the performance of the unaided eye, it would be necessary
to improve the resolution of the projected image to the Viewing Module by
increasing the magnification range, or by increasing the exit pupil (aperture)
of the zoom lens, or by decreasing the 23" operator viewing distance (see
Appendix C).
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2.1.1.3 Effect of Image Size and Projection Cone Angle

To evaluate this effect, both on diffuser performance and as a human factor
effect on the observers, various sized masks were used to limit the viewing
screen size and shape, and thereby limit the cone angle.

No effect of cone angle on diffuser performance could be noted. The effect
of screen size on the observer is largely subjective, With the design size
large screen (22,5 inches square with clipped corners), sceing into the
corners from the nominal eye position is difficult. Most obscrvers found
it uncomfortable to hold their heads fixed and swivel the cycballs 31° to
reach the very corner; instead they would turn their heads, which necessi-
tated repositioning the head to stay within the stereo pupils.,

Interestingly, several observers prefer a round, rather than square, screen
shape. This preference could become stronger for Compass Preview when the
ability to rotate the image (which could not be done on the mockup) is
incorporated, With image rotation capability, an object visible in the
corner of a square screen would, of course, disappear with a few degrees of
rotation, This is a finding of contractor personnel only, and a more ex-
tensive evaluation by Air Force photo interpreters is required in this area.

2.1.1.4 Low Magnifieation Viewing Evaluation

In addition to measuring pupils and resolutions (see data sheets, Appendix
B), a subjective evaluation of image quality and appearance, versus viewing
the film directly with the unaided eye, was made. The image on the Viewing
Module is easier to evaluate and shows more detail than dircct viewing with
the unaided eye. For cxample, a row of 12 parked light aircraft can be
consistently counted accurately at 1,8X, whereas the count made from the
dircct view of the film was 10 or 11, depending on the particular viewer.
The fact that, at 1.8X, the full image does not fill the viewing screen
does not detract from the presentation, and was not even noticed by some

observers.,

2.1.2 Low Magnification Optical and Mechanical Study Results

To determine the feasibility and impact on the Compass Preview preliminary
design of adding the Low Magnification Viewing Mode (2X to 5X), Redwitz
Research Corp., in conjunction with Optical Research Associates, analyzed
the optical and mechanical effects of adding auxiliary "flip-in" optics to
the system, and of providing proper illumination over the iicreased area of
the film being viewed. The complete results of this study are included in
Appendix D.
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In summary, the results are:

a) It is optically feasible and practical to add an adapter lens set to the
existing Compass Preview zoom lens to provide a low magnification
viewing range from 2X to 5.4X. The lens set consists of one element
located between the flip mirror and the zoom lens objective, and one
element located between the zoom objective and first moving lens
element,

b) It is also mechanically feasible and practical to add these lenses to
the system. An electric motor drive mechanism will index the lenses
in and out of the optical path for low and high range viewing of
imagery.

c¢) At the 2X magnification, the entire 9.0-inch x 9,0-inch frame can be
viewed (with corners '"clipped" on an 11,4-inch diameter circle), and
this will be presented as an 18.0-inch x 18.0-inch format (with corners
clipped at 22,.8-inch diameter) on the Viewing Module,

d) The low magnification mode is completely compatible with all other
Compass Preview capabilities and operating modes, including the
abilities to anno:ate, mensurate, and prepare hard copies of imagery
at 2X.

2,2 RECOMMENDATIONS ’

As a result of the evaluation tests and studies conducted under this program,
the following are recommended for incorporation into the Compass Preview
preliminary design and/or further study:

a) Two diffusers should be incorporated into Compass Preview, one to be
used in a general viewing mode, and one to be used in a high detail
mode,

b) Continued refinement of the optical properties of both the diffusers
and the Fresnel field lens is warranted to achieve the full potential
of the design,

c) Preliminary indications are that a smaller (19.5-inch diameter) circular
screen is preferred for viewing by the evaluation personnel. However, it
is recommended that as many viewers as possible, particularly photo
interpreters, concur with this finding before any design changes are
incorporated into Compass Preview,

d) The contractor evaluation of the low magnification (2X tc 5X) viewing
capability is that it is both feasible and desirable to incorporate this
feature into the Compass Preview preliminary design.
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SECTION 3
TECHNICAL APPROACH
The technical approach for the Compass Preview Advanced Design and Verifica-

tion effort included the construction of an optical mockuvp, design studies
of low magnification viewing, and evaluation testing utilizing the mockup,

3.1 COMPASS PREVIEW MOCKUP

The Compass Preview mockup consists of two basic sections or subassemblies:

a) The console assembly, including the viewing module (Fresnel field lens
and diffuser), and control panel. The console physical and optical
parameters have been made to duplicate the Compass Preview preliminary

design (ref. Compass Preview Design Study Final Technical Report, Vol, I,

RADC-TR-74 -257, March 1974) as nearly as possible.

b) The optical projection system, including stereo pair projection lenses,
film and target holders, and illuminators, made to duplicate the Compass
Preview preliminary design at three discrete magnifications,

The console assembiy is mounted in a wall between two rooms, so that
observers are located in one light-controlled room and the optical elements
are located in an adjacent dark room, projecting images to the back of the
viewing module,

3.1.1 Console Assembly

The console assembly (Figure 3-1) is physically the size and shape of the
Compass Preview preliminary design, and mounts the viewing module and dummy
control panel in proper relationship to the observer. Additionally, an
electrically powered operator's chair provides fore and aft, up and down,
and tilt adjustments to properly position the observer's eyes in the exit

pupil.

The viewing module ‘nounted in the console was fabricated to meet the
preliminary optical design of Compass Preview, including the Fresnel field
lens and test diffusers fabricated and supplied by Redwitz Research Corp.

The Fresnel field lens was fabricated by Optical Sciences Group, San Rafael,
California, to the requirements of Redwitz Research drawing number 721513,
to the following parameters:

3-1




Figure 3-1. Mockup Console
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Size 22,5 x 22,5 inches, with the corners
trimmed to 28-inch diameter

Focal Length 18.0 inches

Relative Aperture F/0.64 (over 28-inch area)
Nominal Viewing Distance 23.25 inches

Nominal Viewing Angle 64°

Grooves/Inch 150

The diffusers furnisted by Redwitz Research are identified as:

Number 1. Redwitz Part No, 2G-4-2064,

This diffuser was designed for stereo viewing

Number 2. Redwitz Part No. 3G-6-2064

This diffuser was designed for mono viewing

These elements were mounted in the console, with 1,0" space between the back
of the Fresnel and che diffuser, providing the proper geometry and optical
pupil locations in accordance with the preliminary design,

Additionally, a full-sized artist's rendering of the contro. panel

(Figure 3-2) showing the multifunction mode control panel, alphanumerics
and graphics input panel, manual control elements, and the 8 x 10-inch
direct view textual display, was installed in the proper locetion on the
console. The purpose of this panel is to obtain preliminary human factors
information as to coatrol placement, size and shape, readability, etc.

3.1.2 Optical Bench Assembly

In order to project two channels of imagery for stereo onto the viewing
module, and to provide rapid changing of the magnification of the imagery,
an optical bench assembly was fabricated for the mockup (Figure 3-3).

The optical bench assembly consists of a heavy aluminum bedplate, mounted

to the floor at the proper projection angle, and two commercial (Ealing
Corp.) optical rail assemblies, mounted on the bedplate with respect to

each other to provide the proper stereo pair viewing angle. The optical
elements (projection lenses, film holders, condenser lenses and light
sources) mount to tre rails using Ealing Corp. base assemblies, and can be
rapidly repositioned for magnification changes. The base assembly for the
film holders incorporates X and Y screw adjustments for centering and super-

imposing imagery.

|
d
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Mockup Control Panel

Figure 3-2.
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In selecting projection lenses for the mockup, it was the (riginal intent to
provide magnifications of 100X, 5X, and 2X, and to provide exact simulation
of the Compass Preview zoom lens at these magnifications. 1his simulation
includes the parameters of field coverage, magnification, exit pupil size,
and resolution,

A detailed survey of existing commercial lenses, available within the time
frame of this program, resulted in changing the magnification parameter in
order to more nearly duplicate the other parameters, particularly resolution
at high magnificatior, Actual performance (resolution) data was not available
for any of the availaple commercial lenses, but manufacture's' and suppliers'
statements such as "this lens approaches diffraction limit Jerformance'; were
relied on and were shown to be correct by our tests, The :inal magnifications
selected for the mockup, using available high-quality lenses, are:

a) 83.5X, provided by a Schnieder Corp. 25mm, F/l.4 lens.
b) 5X, provided by a Schnieder Corp. 355mm, F/9 lens.
c) 1.8X, provided Ly a Schnieder Corp. 762mm, F/12.5 lens.

The film format covered at 83.5X is 0.335 inch (diagonal); at 5X it is
5.6 inches (diagonal), and at 1.8X it is 11.4 inches (diagonal).

For reference, to simulate and duplicate the zoom lens design for Compass
Preview at discrete magnifications, the following equations apply:

Effective Focal Length (EFL) = 83.25
1+ M
EFL
f/no. = 3
Object Distance (lens-to-film) = 83ﬁ25
i : 28,0%
Film Format (inches) = . (except for the 1,8X magn.fication, which

does not fill the viewing screen)

where: 83.25
0.3
M

Compass Preview throw distance

Compass Preview numerical aperture

magnification

To provide illumination for the image plane over the magnification range
from 1.8X to 83.5X, tne contractor designed a condenser system conslsting
of a Rolyn Corp. stock number 25,0100 lens (270mm square), #n Optical
Industries 250mm diameter, 450mm focal length lens, and a Sylvania DCB
lamp (300 watts at 120 volts).

8.03

*This compares to a factor of -ﬁ—— for the Zoom 240 microstereoscope;

providing field-of-view improvement factors of 3,49 (lineal dimensions)
and 12 (area coverage), for Compass Preview over the Zoom 240,
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The geometry and relative positions for the optical elements at each mag-
nification are shown in Figure 3-4. The overall optical geometry of the
mockup is shown in Figure 3-5.

3.2 LOW MAGNIFICATION STUDIES

The low magnification optical and mechanical studies were conducted by
Redwitz Research Corp., and its subcontractor, Optical Research Associates,

Since the optical design options are severely constrained by the geometry
and mechanical considerations of the Compass Preview preliminary design,
the study approach involved a coordinated, iterative design effort to pro-
vide a feasible opto-mechanical design. Several areas where auxiliary
lenses could be mechanically added, along with their retractive mechanisms,
were explored to determine the diameters and thicknesses available to the
lens designer. These areas included the space between the film and the
flip mirror, the space between the flip mirror and the zoom lens objective,
and the space within the zoom assembly between the objective and the first
movable element. Once the general location, approach, and size werc agreed
upon, the optical design was pursued using computer analysis techniques,

The results of the optical and mechanical studies are presented in Appendix D.

In addition to these studies, low magnification viewing (1.8X to 5.0X) was
also evaluated using the mockup to view imagery. Results of this evaluation
are included in Section 2 of this report and in Appendix C,

3.3 EVALUATION TEST PROGRAM

The purpose of the evaluation test program was to quantitatively anrd quali-
tatively determine the effects of the Compass Preview Viewing Module on the
projected optical image, and to provide necessary data so as to optimize

the design parameters for the Viewing Module. It was also a purpose of this
test program to evalute the low magnification viewing mode and certain
human factors, including viewing cone angle and preliminary control panel
layout and placement.

To perform this evaluation, the contractor prepared a test plan detailing
three types of evaluation testing:

Test 1 - Determine diffuser characteristics (pupil size, brightness
distribution) at 83.,5X, 5X, and 1.8X magnification.

Test 2 - Determine resolution effects of the diffuser anu Fresnel
field lens at 83.5X, 5X, and 1.8X magnification.

Test 3 - Determine the effects of projection cone angle, including
operator preference for various screen sizes, allowable head
motion, and physical comfort.

3-7
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The detailed evaluation test procedure is included as Appendix A of this .
report. This test procedure was followed in conducting the evaluation, 3
The data sheets completed by observers during the evaluation are included 4
as Appendix B, The conclusions drawn from the evaluation are presented in ;

Section 2.

Test No. 1 was conducted using the Fresnel lens, diffusers supplied by
Redwitz Research, and the mockup optics. All brightness measurements were
taken with a Pritchard Spectra Photometer, Model 1980.

For taking brightness measurements of the exit pupil, the left eye channel

of the optics was used. A grid, consisting of heavy black lines at 1.0-

inch spacing and fine black lines at 0.l-inch spacing, was erected at the

; exit pupil, The measurement points were marked directly on the grid, and

g | the photometer, located &4 feet from the grid and using a 2-arc-minute field
of view (thus measuring a 0.73mm diameter circle at the exit pupil), was

3 focused on the point. The grid was then removed and the measurement taken,

This process was repeated for each of the 9 measurement points, and for

each diffuser at each magnification. Additionally, for each diffuser and

magnification, a 4 x 5-inch view camera was used to photograph the exit

pupils with the grid in place.

] Test No. 2 was conducted to determine the resolution effects of the diffuser,
L Fresnel lens, and the combination of both. For this test, a precision ITEK
5 USAF 1951 Resolution test pattern was placed in the film plane of the mockup.
] A low power (12X) telescope mounted on a tripod located 48" from the viewing
| module and used to read all resolution measurements (except as noted on the
data sheets) to remove, as much as possible, individual cye effects and
measure the resolution actually presented.

For each measurement location, the resolution was first read with the
diffuser and Fresnel in place, then the diffuser was removed and resolution
read, and then the Fresnel removed and the resolution of the aerial image
read. Thus, the basic resolution of the projected image is known, and the
effect on this resolution provided by the Fresnel and the diffuser, both
individually and together, is known.

These measurcments were taken at all nine specified locations at 83.5X and
5X magnifications, and axially only at 1,8X.

Test No. 3 was primarily a qualitative (subjective) type of test to deter-
mine operator preference as to screen size (cone angle), image appearance
with the different diffusers, and comfort factors while viewing stereo.
Additionally, allowable head motion (while retaining stereo fusion) was
measured,

‘ |
1
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INTRODUCTION

The purpose of this test program is to quantitatively and qualitatively
determine the effects of the Compass Preview Viewing Module (Fresnel field
lens with diffusers) on the projected optical image, and to provide necessary
data so as to optimize the design parameters for the viewing module, The
parameters to be tested include:

a) The size, shape, and brightness distribution of the exit pupil (at the
observer's eye) created by the Fresnel lens and different diffusers, at
different magnifications.

b) The effect of the Fresnel/diffuser Viewing Module on overall system
resolution (axial, zonal, and edge).

¢) The effect that image size and cone angle have on the diffuser.

d) Performance evaluation of low magnification (2X to 5X) viewing.

A separate test procedure is provided for each test, and each procedure con-
tains the following information:

Scope

Applicable Documents

Test Requirements

Evaluation Criteria

Test Reports

STANDARD TEST CONDITIONS

1) All tests will be conducted at the Northrop Electronics Division
facilities at 1 Research Park, Palos Verdes Peninsula, California,

All tests will be conducted utilizing the Compass Preview mockup.

Ambient illumination at the observer's station will be 10 to 20 foot-
candles.

The viewing distance from the observer's eye to the Viewing Module will
be approximately 23 inches.

The visual performance of each observer will be determined and recorded
prior to acceptance testing. Observers who normally wear eyeglasses
will wear them during testing.

g e A

The test conductor will be present during all tests to record data, give
instructions, and in general ensure the proper conduct of each test,

Test will be conducted at normal laboratory temperature, pressure, and
humidity,




TEST NO. 1

DIFFUSER CHARACTERISTICS

1. SCOPE

The purpose of this test is to determine the characteristics of various
diffusers (in conjunction with the Fresnel field lens) at different magni-
fications to define the design characteristics for the diffuser and to
determine whether variable or fixed diffuser parameters are required for

Compass Preview,

2. APPLICABLE DOCUMENTS

RADC Contract No. F30602-74-C-0322, paragraphs 4.1.1.1 and 4.,1,2.1,

3. TEST REQUIREMENTS

a) General

With constant illumination at the film plane of the mockup (without film
imagery) , measure and record size, shape, and illumination distribution of
exit pupils created by Fresnel field lens only, and by the combination of
Fresnel lens and each test diffuser combination at 1,.8X, 5X, and 83X
magnification,

b) Test Equipment

1) Compass Preview mockup with 1.8X, 53X and 83X projection lens for
each stereo channel.

2) Test Diffusers furnished by Redwitz Research Corporation,

3) Tripod and 6" X 8" glass plate and reference grid, to be mounted
at the observer's normal eye position, to allow visible presenta-

tion of exit pupils.

Camera and tripod for photographing exit pupils presented on the
glass plate.

. Z .
Calibrated laboratory spot meter with 1 mm maximum aperture, for
measurement of illumination distribution within the exit pupil, and
measurement of illumination distribution at the Viewing Module.

Data Recording Sheets.
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c) Test Conditions

Standard test conditions, except that ambient illumination may be lowered
during direct observation and photographing of pupils.

d) Test Procedure

b

2)

3)

4)

5)

6)

7)
8)

9)

10)

A

Install 1.8X projection lenses in both stereo channels of the
mockup. Position film gate and illumination sources in proper
location. Remove all diffusers from Viewing Module,

Measure and record illumination distribution at the back side of
the Viewing Module using spot meter (minimum of 9 readings are
required for axial, zonal, and edge illumination of the back of the
Viewing Module).

Erect 6" x 8" glass with reference grid at the observer's eye
position, perpendicular to the Viewing Module optical centerline.
Erect camera behind the plate to photograph the exit pupils pro-
jected onto the plate and grid,

Turn on both illumination sources, check positioning of 6" x 8"
plate visually, measure diameter of pupils projected onto the plate,
photograph the pupils (with reference grid). Record camera settings
(f/number, exposure, film type).

Measure pupil brightness with spot meter with Fresnel lens only;
pupils should be too small to measure distribution within the pupil.
Record.

Place diffuser #1 in mockup behind Fresnel lens and repeat steps

(4) and (5).

Replace diffuser #1 with #2 in mockup and repeat (4) and (5).
Repeat steps (4) and (5) with both diffusers in place, and/or any
other diffusers to be tested. (Note: Use only one illumination
source when testing diffuser designed for mono viewing.)

Install 5X projection lens in mockup, reposition film gate and
illumination source to 5X location, and repeat steps (2) thrcugh

(9) at 5X magnification.

Install 83X projection lens, configure mockup optics for 83X, and
repeat steps (2) through (9).

A-3
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b)

d)

5.

EVALUATION CRITERIA

General

Proper pupils for stereo viewing should be optimally 2,5 inches in
diameter, and should have a nearly even illumination distribution.
Proper pupil size for mono viewing (single channel) should be a mini-

mum of 4.0 inches in diameter,

Stereo Pupils

If a single diffuser provides approximately a 2.5-inch diameter pupil
at all magnifications, then it is determined that fixed diffusion is
satisfactory at all magnifications for stereo-film viewing. If not,
then "variable'" diffusion is required for Compass Preview; i.e., the
diffuser must be automatically changed in the Viewing Module, as a
function of the magnification selected for viewing.

Mono Pupils

The same is true for mono viewing, except that the criterion is a 4.0-
inch diameter (minimum) pupil,

Illumination Distribution

The shape of the illumination distribution curve across the pupil should
be approximately the same as the shape of the illumination curve across
the back of the Viewing Module, except that the diffuser should attenuate
variations such as hot spots, If hot spots are created by the Viewing
Module, it would indicate either that the diffusion characteristics of
the diffuser are not homogeneous across its face, or that optical dis-
tortions are present in the Fresnel field lens. 1In either case, the
cause will be determined.

TEST REPORTS

The test report will include measurements of Viewing Module (back side)

E illumination levels, photographs, and measurements of each pupil generated
E | with various diffusers and at various magnifications, recorded on data sheets,
' Conclusions drawn from these tests are presented in the Final Report.
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TEST NO, 2

VIEWING MODULE RESOLUTION EFFECT

1. SCOPE

The purpose of this test is to determine the effect on system limiting
resolution introduced by the Viewing Module. This will be determined by
measuring the optical projection resolution with the Viewing Module removed,
then measuring resolution with the Fresnel lens and diffuser(s) (sclected
as a result of Test No. 1) in place,

2. APPLICABLE DOCUMENTS

RADC Contract No. F30502-74-C-0322, paragraphs 4.1.1.1, Lol o2y, Lo op Mg 3
4,.1,2.1,

3. TEST REQUIREMENTS

a) General

with proper illumination and with the 16-912 LP/MM target(s) in the film
gate(s), three different observers will measure and record axial, zonal,
and edge resolution of the optical projection system only, optical
projection plus Fresnel, and optical projection and Fresnel, plus
diffuser combinations at 1,8X, 5X, and 83X magnification,

Test Equipment

1) Compass Preview mockup with 1.8X, 5X, and 83X projection lenses,

2) Itek XTRG 302,112A Resolving Power Test Targets, 16-912 LP/MM,
positive, high contrast.

3) Viewing Module diffusers deemed acceptable as result of Test No, 1.

4) Low power telescope, stand, and hardware to allow placement of
microscope in viewing position when the Viewing Module is removed.

5) Data Sheets.

Test Conditions

1) Standard test conditions.

2) Three observers with current eye test data.

Test Procedure

1) 1Install 83X projection lenses, configure optics for 83X, install
Itek resolution target in film gate, and focus images on back side
of Viewing Module with test target images on the optical centerline,
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Remove Viewing Module (Fresnel and diffuser). Erect telescope on
stand for direct viewing of spatial image at the Viewing Module
location,

Each observer to measure and record limiting resolutfon as read [rom
the target. This is to be done at nine locations (one axial, four
zonal, and four edge locations) within the viewing area. Note:

for each location the position of the target within the film gate
must be changed (with the X-Y adjusting screws) so that the target
image appears at the proper location.

Remove the telescope and stand, replace the Fresnel lens (only).

Repeat step (3), using the telescope to measure resolution at all
nine locations,

Install the diffuser determined best for the magnification being
tested (from Test No., 1), and repeat step (5).

Configure the mockup optics for 5X viewing.

Repeat steps (2) through (6) at 5X, all nine locations.

Configure the mockup optics for 1,8X viewing.

Repeat steps (2) through (6) at 1.8X, axial readings only.

At 83X magnification, read and record the axial resolution only,
using all available diffusers (individually). If one of the pre-
viously rejected diffusers appears superior in resolution per-
formance to the accepted (from Test No. 1) diffuser, measure and

record the zonal and edge resolutions also for a complete
comparison,

4, EVALUATION CRITERIA

The Viewing Module (Fresnel/diffuser combination) should not cause more than
one pattern degradation of the optical limiting resolution (i.e., if the
limiting resolution without the Viewing Module is read as group 8, element 6,
then the resolution with the best configuration Viewing Module in place shall
be at least group 8, element 5, etc.), as an average of the three viewers'
readings.*

*The resolution test results presented herein did not meet the above
criteria. This is because this criteria was incorrectly established,
based on incomplete knowledge of the resolution effects (MTF) of the
Viewing Module components.

N T oo g L v
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7. TEST REPORTS
The test report will include all resolution measurements taken and the con-

figuration of the mockup during each reading, recorded on the data sheets.
Conclusions drawn from these tests are presented in the Final Report.

~
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TEST NO, 3

EFFECT OF IMAGE SIZE AND PROJECTION CONE ANGLE

SCOPE

The purpose ot this test is to determine the effects of the projection cone
angle on the diffuser, operator preference for various viewing screen sizes
and shapes, and the allowable operator hecad motion and comfort while viewing
stereo imagery.

2.

APPLICABLE DOCUMENTS

RADC Contract No. F30602-74-C-0322, paragraph 4,1,1.3.

b)

TEST REQUIREMENTS
General

The projection ccne angle and Viewing Module shape will be varied by
placing different masks over the Viewing Module aperture to reduce the
cone angle of the light reaching the observer's exit pupil. The exit
pupils generated with the various masks in place will be photographed
and compared with those pupils generated in Test No. 1.

Stereo pair imagery will be installed in the film gates, and three
observers will acnieve stereo fusion and indicate their preferences as
to the size and shape of the Viewing Module. Additionally, the physical
head motions allowed for each observer to maintain stereo fusion will
be measured.

Test Equipment

1) Compass Preview mockup with 1.8X, 5X and 83X projection lenses,
2) Selected diffusers for each magnification,
3) Stereo pair imagery transparencies (9" x 9™

4) Viewing Module mnsks:

No. 1 - 22,5" diameter circular cutout

No., 2 - 19.5" x 19,5" square, with round corners
No. 3 - 19,5 diameter circular

No. &4 - 16.5" x 16,5" square, with round corners
No. 5 - 16,5" diameter circular

5) Tripod and 6" x 8" diffuser plate with grid {as used in Test No. 1).

6) Tripod and camera (used in Test No. 1).




" e
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. 7) Tripod with horizontally mounted arm (to provide reference point at
ﬂ l observer's head for measurement of head motions). ¢

8) Data Recording Sheets,

c¢) Test Conditions

1) Standard test conditions. 1

2) Three observers with current eye test data,

d) Test Procedure

1) Configure mockup for 5X magnification (fiim gates empty), Fresnel
and "best'" diffuser in place.

2) Erect 6" x 8" glass diffuser with grid at operator's eye position,
4 perpendicular to the optical line of sight., Set up camera in posi-
i tion to photograph the pupils generated on the plate.

3) Install the 22,5" circular mask, turn on illumination sources,
photograph the resultant pupils. Repeat with each mask (5 total).

4) Remove 6" x 8" glass diffuser, tripod, and camera sctup. Install
stereo pair transparencies in film gates, align for stereo viewing.

5) Observer No. 1 to view the stereo imagery using each mask (as well

as no masks). Record observer's comments and preferences as to
b shape and size of Viewing Module. Measure and record his allowable i
Y head motion while maintaining stereo fusion, 4

6) Repeat step () with observer No, 2.
i 7) Repeat step (5) with observer No. 3.

8) At the discretion of the test director, any or all of the above
steps may be repeated using a different magnification,

4, EVALUATION CRITERIA

Not applicable. This is largely a subjective test to determine operator
preference and comfort,

5. TEST REPORTS

1 The test report will include photographs of pupils generated through the

various masks, measurements of allowable head motions, and observer prefer- :

ences and comments recorded on data sheets. Conclusions drawn from these g

tests are included in the Final Report. L
§
‘!
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PRECEDING PACE: BLANK-NOT FILMED

TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE /

OBSERVER &J.BM(EIQ} G, SHIGLETON) DATE 7, 25/ 74

1. Magnification 5—)( 4. Brightness at Viewing Module, ft-lamberts
. P ]
2. Diffuser in Place aﬂm%%axlal)( v
b (85X (zonal)(3 Fom
vo. 26 -4 - 20464 i 3 onal) O
#| - STEREOD 18.4xpzona .
3. Source Illum. Level d@dj_{%(zonal)
225 watts e 2,| x10”(zonal)
' £ 22.5%10° (edge )(.F"!'Qem)
. 3 Yo
g ZSM” ul (edge) Measurement
“h 7TAeN _(edge) Locations ]_.ooking at
123 x/dz(edge) front of viewer
90 V on VARIAc (207 Mn APERTURE ON PRITCHARD)

"
/ 6. Brightness of pupil

"
5. Exit pupils, Grid Scale’ Or

location, ft-lamberts

a 2 Zé (axial)
b [ [ (zonal)
c [ 30 (zonal)
d 72 (zonal)
e /|04 (zonal)
f 2 { (edge)
g 34 (edge)
: h :55 (edge)
CE S s i 2.5 (edge)
Film type#%2 F/No FZ A Shutter)’i SEC. vore |
POLARO D

7. Comments: MOPDEL 1280

‘ ' 1 —_ PUpPIL
ARD 'SPECTRA’ PHOTOMETER 4 FT  FrROM y

- Pe/r:f HAR:. M FoV, useDp FOR MEASUREMENTS

2. Pupits 2245 FRom +EUS

3 powr A LOATED AS MAX INTEMSI(TY PakT
4, THIS DIFFUSER  coor STERED UWACCEPTABLE ~ MOMO .




TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE 2

OBSERVER A/, BAKER, G. 5INGLEIDA) — DAE_7 /25 /74

1. Magnification \5—’)( 4. Brightness at Viewing Module, ft-lamberts

a 37,8(103 (axial)

2. Diffuser in Place
b 8,5 x10% (zonal)
(;‘1;. 3/\46—%'2()64 C’?«!uos(zonal)

— 3 - -
3. Source Illum. Level d 204X (03(zona1)
225  wWatts e 204X /0°(zonal)

£ 275X 10> (edge)
g 257 Xoledge)

L Measurement
h Taken) (edge) Locations looking at

front of viewer

i 28x/p° (edge)

SOV 0N VARIAC

4 7

5. Exit pupils, Grid Scale / I a.l 6. Brightness of pupil

location, ft-lamberts

143, é (axial)
§9. 7 (zonal)
SD.4 (zonal)
52 ,¥% (zonal)
97 ,z (zonal)
=/. & (edge)
34 .9 (edge)
25, [ (edge)
3&:2 (edge)

QO o w

(o

B D Q o0

Film type 52 F/No ¥/|¢ Shutter)’ﬁzSEC
FoLAko 16

7. Comments: NoDEL 1980 _
| PRITCHARD SPECTRA PHOTCMETER - 4 Fr Frem PuPLs - Zhin Fov.

2. Purns 223" FRem LENS

3B, THIS PuPIL SI2E GIES VERY GIOD S TERED, MAGINAL. MONO
4, OBSERVER 's LEFT EVE  CHANMVAEL MEASURED |
4
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TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE 3
OBSERVER W, BAKER, &G, SINGELTOA  DATE__/ /2.5 /74
V4 v 7

1. Magnification \fS_;Xf 4. Brightness at Viewing Module, ft-lamberts
2. Diffuser in Place a (axial)
MNOME b (zonal)
No.
(F/255UEL OMLY) c (zonal) )
3. Source Illum. Level d (zonal)
__ILZQZ___Watts e (zonal)
£ (edge)
3 (edge) Measurement
h _ (edge) Locations looking at
i (edge) front of viewer
o RIAC =
Gié) Y i ) SAME AS PAGES | £ 2
74
5. Exit pupils, Grid Scale / o.l " 6. Brightness of pupil

location, ft-lamberts

(zonal)
(edge)
(edge)
(edge)

B> Yo N o Nt B © VR 0 I O S

(edge)

Film type ™S 2 F/No 6/[6 Shutter )isfc, NoT APPLICABLE

POLARDID

7. Comments:




TEST NO.

1 - DIFFUSER CHARACTERISTICS PAGE

OBSERVER W, BAKEXR. , G, SIHJELETOR) pate_ J/2 &

"

1. Magnification = 4. Brightness at Viewing Module, ft-lamberts
S35 X a 7¢x 10" (axial)
2. Diffuser in Place '__/_j axia
bs4.7 x (0" (zonal)
No. 26—4‘2064 :L_._’
# /  (s7epes) co___,éx/os(zonal) . .
3. Source Illum. Level dZX_I_/Ls(zonal)
175  watts e 7Z2x /0 (zonal)
£ 5.2 % /0 (edge)
3
gé%@_(edge) Measurement
h ke (edge) Locations looking at
: 3 front of viewer
: i Z/x/0” (edge)
70  Vors (VAE’ACJ Z = 2
20 i FOV 0N PRITECHARD.
5. Exit pupils, Grid Scalel.? 'I ‘0.l ! 6. Brightness of pupil
e location, ft-lamberts
a /30,4 (axial)
b 4O  (zonal)
c 5.3 (zonal)
éd 65  (zonal)
e ,52 (zonal)
£ 21 (edge)
g Zi (edge)
h 2] (edge)
i _[5 (edge)
Film cype 5 2 F/No F[gé Shutter J{ sec
PILAROID
7. Comments: Mope. 1980 ' S
[ PRITCHARPD SPECT/A FPHIOTOME TER - 4 FT FROM PUPILS - X hw FOV/
2 Pupris 22% FPRiM ceMs
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TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE 5
OBSERVER W, TCGAKER, &, SINELETOL) DATE_7./24 /74
1. Magnification 8x 4. Brightness at Viewing Module, ft-lamberts i
el !
nr :
2. Diffuser in Place . _,_ax_:-_‘_;(am.al) %
b (zonal) I
No. 3 &G-6-2064 &Zxin |
4 2 c 54,x/03(zona1) ¢
3 B N t
3. Source Illum. Level d‘z_[.i(_/a;(zonal) ?
/75  watts e Z2xu7 (zonal)
£ 42x/pedge)
!2'3 z
9 &l x (edge) Measurement
h “{ggm (edge) Locations looking at
70 v ors pe i 71\'/;(edge) front of viewer
e 207 IThy ot FILTCHARD
” “a . 3
5. Exit pupils, Grid ScalefQ , @./ 6. Brightness of pupil

location, ft-lamberts

Z [ (axial)
L(zonal)
A Z (zonal)
ﬁé (zonal)

M: (zonal)

[ 2 (edge)

20 (edge)

l& (edge)
¥ (edge)

D MO QA0 D

£
Film type 52 F/No Vie Shutter J'i SEC.
PocAROID

7. Comments: M&I\ZL | 980 1
[, DPRITCHIRD  SPLCTIRA P21 DM LR 4 Fr o rpent POPIL s, 2% TOV
2. PupPnus 223" Fper LENS,
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TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE 6;

OBSERVER_LJ, BAKER, G, SINGLETON) DPATE_7/2¢4 /74

f 1. Magnification 33 >(' 4. Brightness at Viewing Module, ft-lamberts
% 2. Diffuser in Place & (axial) i
| NONE b (zonal)
i No. ( 1)
| (Fresvez_ownLy) . HOnE i |
% 3. Source Illum. Level q (zonal)
2 75  Watts e (zonal)
i £ (edge)
% g (edge) Measurement
i h (edge) Locations looking at
i . front of viewer
i (edge)
S0 V on VARIAC SAMEE AS PAGES 5 £ &
5. Exit pupils, Grid Scale 6. Brightness of pupil

location, ft-lamberts

(zonal)

(edge)
(edge)
(edge)

oA Mo 0 U o

(edge)

Film type 52 F/No F//“ Shutter J/ﬂ sec. NOT APPL'CABLE.
pouarolD

7. Comments:




TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE Z
osserver__ I/ TZAKEK oate ¥/ 12./74
1. Magnification 7 X 4. Brightness at Viewing Module, ft-lamberts
3
2. Diffuser in Place az_&_m_:i(axial)
No. 4G ~4 - 2064 b fx/p tzonal)
=TERED ZLK-L’ 3 (zonal) .
3. Source Illum. Level z d L_/Lz(zona].)
225 b/ Watts 2-&23(““’1)
f 5 x/p (edge)
3,
I Zﬂ%(edge) Measurement
‘ h 2 ¥ /)~ (edge) Locations looking at
{ . 3 front of viewer
i i 5 «)p’(edge) POk THEiE READINES
i S0 V di) VARIAL NWE:LMP LM RD T 112 W T AuaD SATILATI2p)

‘ 5. Exit pupils, Grid Scale/ ‘0: 6. Brightness of pupil

location, ft-lamberts

a 335 (axial)

b léf (zonal)
¢ [5¢ (zonal)

d l Zé (zonal)
e /&% (zonal)
f =5é(edg¢=)
g __ 38K (edge)
h 5.4 (edge)
i 4| (edge)

«: Film type ¥ 52 F/No F//é Shutter/z.‘-’fi‘_
{ POLARG 1D
7. Comments: M/ ov/‘ 2X /oj 27 /-;‘-f Aol AT 7,7’17
7—?-5)‘ 2.8 241 / Aﬂ/, wm earaa )7 X/7
cHMNY M/ 21" b g,
(N 302 /Uz,‘ﬂcwwfe/ﬂ 2% aht (_‘YJZ?/U 4/)”‘” <A
55X é ,QAAVK/& ’ X(u_. % ALl //"/‘/ 25¢ !
/W /'7 NN a MM(,J/ e ~/,M,,.. ’ﬂ
vgf./wn/\ %AW"*/&L j '{« ('/_1f A é‘ Zl”f“:‘)‘ |

42897
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TEST NO. 1 - DIFFUSER CHARACTERISTICS

OBSERVER é Z g éZ"'ZZ

PAGE 2

DATE 3"//2/7¢_

FOLARo

Film type 52 F/No_FE/j) shutter 4 SEC

1. Magnification 2 X 4. Brightness at Viewing Module, ft-lamberts
2. Diffuser in Place a____(axial)
36 -6 = 2064 b (zonal)
Mo NO c (zonal)
3. Source Illum. Level d _____ (zonal)
225 ' watts $ s (SonANS
£ (edge)
g (edge) Measurement
h (edge) Locations J_.ooking at
S0 VOLTS on WIRIAC q (edge) front of viewer
=ApME AS B 7
"
5. Exit pupils, Grid Scale / ,0// 6. Brightness of pupil

location, ft-lamberts

a 2/3 (axial)
b _/AS (zonal)
c ‘4& (zonal)
a _) 73 (zonal)
e _// z (zonal)
£ 1.3 (edge)
g _LUL~ (edge)
h i 2 (edge)
i i[ (edge)

7. Comments:

W: o 2X /o/%//«(/g’l Ar2a /mHLM
22,5 x 22.5 wews Al —

W%W—W arzg

S k/’

MM o (,46% / on 2] J/sz//
42898
B-8
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TEST NO. 1 - DIFFUSER CHARACTERISTICS PAGE 9
OBSERVER 2% 7:_34424 mare B/12/ X

v 7
1. Magnification 2 X 4. Brightness at Viewing Module, ft-lamberts

2. Diffuser in Place a )
NE b al)

No. F-RgNa_ aij c onal) )
3. Source Illum. Level d (zonal)
745"  Watts - (zonal)
L f (edge)

—(edge) Measurement

é (edge) Locations looking at

i front of viewer

E 30 v o HRIAL (edge) !

SAME AS P 7

i
5. Exit pupils, Grid Scale 6. Brightness of pupil

location, ft-lamberts
a )

g b (zgfal)

; c onal)

; d (zonal)

e (zonal)
£ (edge)

: g (edge)

‘, (edge)

; (edge)

: Film type 5 Z- F/No F Shutter }4 Sec. U/A

FOLAROID
7. Comments:

42899
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TEST NO. 2 - VIEWING MODULE RESOLUTION
1. Test Director _/"42%— //acﬁ 2;{30/74

PAGE {

.

2. Magnification E5.-5 X
Date
3. |[Observers: Left Eye |Rt. Eye ST ACQ | Tested
W. & |observer 1 20/17 20/17 g 7//;/;4_
&GS Observer 2 20/18 2&//5 & 7//5/74
& D[Ppserver 3 20/22 | 2¢/22 7 \z/15/74]
SOURCE ILLUM —> 100w 125w 200w/ Measurement Locations
4. Measurements:
(ov) (6BV)  [PoV) < vARIAC SETTING
N ~ ~
Proj. | Prod. + Proj.Fresnel Eygf-’gg;% D/Fi‘t/?e‘/l
Location Observer Only Fresnel + "Best" Other
Diffuser 2 & (Axia oM,
! 7-3 2-3 2= G 2-5 - A Y qreup
A 2 -3 8- 49 T =4 1-¢ Joss THaw
(Axial) 3 9 -3 e-.3 9 —fo 9. 4 7y 26
1 g-1 K-3 Vil 2-¢
B 2 F-2. P2 7- & 2-3
(Zonal) 3 2. 8-3 2-6 2=-3
T G2 g -4 -5 7.3
c 2 M 73 F-4 2- Y -5
(Zonal) 3 92 | &-3 1 ~E]
1 9- =2 7- 7-q
D 2 9-3 F-3 P Z2=2
{(Zonal) 3 9.2 £-3 VialtZ] 1-2
1 -3 B-5 2-lo 2=
E 2 M 7-3 2-5 2= 6 2=
(Zonal) 3 -2 F 23 7 =3
! 7=/ g - -5 72-3
F 2 T/ -4 75 7=/
(Edge) 3 7-/ 8-3 7-Co B el A
1 a-/ 3-3 1-4 7-2
G 2 Z-]) P-4 -3 65
(Edge) 3 q-17 £-3 7-4 7-1
1 T-3 21 7-2 /- 2
H 2 _pr9-3 -z 2= -2
(Edge) 3 7-2 3.2 1-2 2-1
1 -2 .S K ¥
I 2 -2 ¥~ 2-1 2=/
(Edge) 3 94-1 -4 Yl 2%
5. 5X RESOLUTION (AxiAL oney)(REE)
[ 5-2 4-6 £4-4 2%
2 F- XY 4-5 2 -4
CAxAL) T 15 %2 a3 =
6. [.8X RESOLUTION (AXIAL ONLY)
! J-5 | 3~/ 2-5 2-2 (w Baban
A 2
(AXAL 3

M OPERATN MISSIANG

J ONTA TALSN USING L.y, SVSTEH (oP. L HS)
1 POSITIOLED TARGE T AT ¥5°

2
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TEST NO. 2 - VIEWING MODULE RESOLUTION
1. Test Director MA 7/3//74#
A ‘7 /
2. Magnification 5 /\/
5 Date
3. {Observers: Left Eye |Rt. Eye ST ACQ | Tested
W, &, |observer 1 2_0/;7 7.&//7 & 7/’5/74
& s, [ooserver 2 | 29/ | 20/(8 | & )i/
<, D, Observer 3 20/ 22 'lt)r . 7 7'//._5./74
FimisnED /-9
Measurement Locations
4. Measurements:
Lin V SoV, 8o\
EYERALL
Proj. | Proi. + | Proj.Fresnel| READING
Location Observer Only Fresnel + "Best" Other
Ciffuser
1 ey 4-e {-4 )
N A 2 So-2 S = =5 3- Lo
(Axial) 3 % q4-6 g=-3 o
1 5-3 4-6 4-7 3-Z
1Y B 2 5 — 3 A 4-1 3-8
(Zonal) 3 - 3 A - 3-4
l K'Zp LIJ_L} L{‘ / 3-\§
3.4 c 2 3-2 | 44 g~/ 3-9
(zZonal) 3 S -2 4-Y 41 a- ¢
1 -3 y-3 3-6 gE
e D 2 c_ 2 =3 BE=2 3-3
} (Zonal) 3 -2 o~ o 3-6 3- 3
1 D3 G- Y F-6 -9
T E 2 5-3 P 35 3-4
(Zonal) 3 -z. #.—4 R 3- 3
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APPENDIX C

VIEWER ANALYSIS

OF COMPASS PREVIEW RESOLUTION




COMPASS PREVIEW RESOLUTION

SUMMARY

Calculations are presented to show a predicted resolution of approximately
2.75 line pairs/mm at the screen when viewed from the normal viewing dis-
tance with the lens at 100X magnification, This is based on measured data
for the diffuser and Fresnel lens, and calculated data for the zoom lens,
Film with infinite resolution capability is assumed. This can be compared
to a value in the region of 3.5 to 4.3 line pairs/mm computed for a
diffraction-limited lens with infinite resolution diffuser and Fresnel,
The range of values comes about because of the range of values published
for the capability of the eye,

CALCULATIONS

In predicting the performance of any system, it is desirable to have a
standard of reference; it is important to know how good it could possibly
be. 1In optics the diffraction-limited lens is this standard, 1Its perform-
ance cannot be exceeded by a real lens. The on-axis modulation transfer
function "MIF(y)] of a diffraction-limited lens is given in Reference 1* as:

MTF (V) % (¢ - cos ¢ sin @) (1)

where;
¢ = v (f/no)
)% = wavelength of light
y = spatial frequency in consistent units

f/no = "f" number of lens

The f/number of the zoom lens at 100X is given in Reference 3% as 2,62, A
curve showing the calculated MTF (p) for ) = 0.555 um is presented in
Figure C-1.

In order to relate the values to the screen, the calculated spatial fre-
quencies were divided by 100 -- the magnification of the lens. The MTF (p)
is related to targets whose contrast varies in a sinusoidal fashion. The
performance with resolution patterns which are alternate black and white
bands is more accurately predicted by the square wave transfer function

fsw)].

*References given page C-5.
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This is related to the MTF (1) by the following from Reference 1.

S) =4 [M@) - MOV + MOV . ... 2
3 5

where: M(v) = MTF (V)

This curve is also presented in Figure C-1. To determine the overall reso-
lution when viewed by the eye, the resolution capability of the eye must be
considered. Two curves for the eye are shown from References 1 & 2.
Actually the resolution capability is a function of several things other
than contrast, such as the relative brightness of the image and the sur-
rounding area. The basic eye data are given in line pairs per arc-minute.
These are converted to line pairs per mm as follows:

1 line prx60 minx57.3 degrees_ 1.0 radian _5.82 1p
fiin degree radian 23,25 x 25,4 mm @ 23,25 in mm

The max imum performance, then, would be predicted by the intersection of
the eye curve with the lens curve. This predicts a possible resolution in
the range of 3.5 to 4.3 line pairs/mm depending on which eye curve is used
for a diffraction-limited lens with a diffuser and Fresnel with infinite
resolution,

To predict the performance of the actual system, calculated data are com-
bined with measured data. First, the calculated zoom lens performance is
shown in Figure C-2., It was obtained from Reference 3. Next the resolu-
tion capability of the observer's eyes was determined by viewing a resolution
chart at 23.25 inches, A value of 4.7 1p/mm was obtained. This is shown

as point E on Figure C-2. This is between the values determined from
References 1 and 2, From this point a curve was constructed by scaling the
curve from Reference 1, This is shown in Figure C-2,

To measure the degradation due to the Fresnel alone, the resolution target
was viewed through the Fresnel at the 23.25-inch viewing distance., A value
of 4.0 lp/mm was measured. This is plotted as point "F'" in Figure C-2. An
estimate of the MIF curve over a narrow region was made by drawing a line
through point "F" and the (0 lp/mm; 100%) point of the graph. This is
shown as line "A",

To measure the degradation due to the diffuser alone, the resolution target
was viewed through the diffuser at the 23.25-inch viewing distance. A value
of 3.80 lp/mm was measured, This is plotted as point "B". The estimate of
the MTF curve was determined in the same fashion as for the diffuser, This
is shown as curve '"B'".

c-3
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Next, the degradation due to the combination of the Fresnel and the diffuser
was determined, The resolution was measured to be 3.17 1lp/mr., This is
shown as point "H"., Line "C" is the estimate of the MTF curve, To check

on the validity of the process, curve "G" should be the product of curves

"A" and "B". At 3 lp/mm:

A = 58%
B = 49%
A x B = 28%

This is close to the experimentally determined value of 247 for "C" at
3 1p/mm,

The overall system response curve can be estimated by taking the product of
the lens curve and zurve "C", This is shown as curve "D", The intersec-
tion of this curve with the eye curve at "J" is the predicted resolution,

approximately 2,75 ip/mm.

As a cross-check, th’s value can be compared with the value of 2.7 1p/mm
measured with a test lens as shown at "IV,

To estimate the performance improvement possible by decreasing the eye dis~
tance from 23.25 inches to 16 inches, the analysis shown on Figure C-3 was
performed. The lens MTF and the system MTF curves are the same as in
Figure C-2, So, also, is the eye curve for 23.25 inches. I the eye is
moved to 16 inches the linear eye resolution for a given angvlar resolution
will improve by a factor of 23.25. This curve is shown. The predicted
16.00
system resolution with the eye at 16 inches will be the intersection of the
16 inch eye curve witk the system MTF curve. This is shown, The resolution,
then, will be improv:d from approximately 275 lp/mm to 340 lp/mm (film plane
resolution at 100X magnification as read by an unaided eye at 16" viewing
distance).

REFERENCES
1. Smith: Modern Optical Engineering
2. Human Engineeriag Design Guide for Image Interpretation Equipment

3, Compass Preview Design Study, Final Technical Report, RADC TR-74-257
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APPENDIX D

LOW MAGNIFICATION STUDIES

One of the features desired in Compass Preview is the ability to view rela-
tively large segments of the film., This is to permit deployment of Compass
Preview in a manual search mode in addition to the regular processor-
controlled search modes. The term processor-~controlled search is defined
as those operations in which the machine searches for and displays the ap-
propriate imagery. This mode implies ready access to a large data base,
since without such data and the ability to program work orders, not much

automation if¢ r ... ble.

There are, however, occasions when even with an extensive data base, it is
necessary or desirable to perform manual searches, Of course, if the data
base becomes inaccessible for reasons of logistics or equipment malfunction,
a manual search mode becomes the only way to continue operations. There
are, therefore, some compelling reasons why Compass Preview System should
also be an effective system when manual search methods are called for,
In addition to facilitating the manual search capability, there are other
reasons why a low magnification capability is highly desirable. This relates
mainly to the tradeoff between magnification and field of view. The basic
Compass Preview optical zoom system covers a 4,5-inch x 4,5-inch field with
clipped corners which just fills the 22,5-inch viewing area at 5X magnifica-
tion, resulting in a relationship of 22.5 for the x or y (rectangular) dimen-
M

sions and 28 for the diagonal dimension (to f£fill the 28,0" diagonal of the

M
Viewing Module). Although the 4.5-inch field is quite adequate for most
situations, particularly small-scale imagery, there are cases where a larger
field is highly desirable.

One additional factor which bears on the subject of low magnification
relates to the hard copy capability. Although the hard copy subsystem of
Compass Preview is not dedicated to the production of reference chips, it
may well turn out to be used for limited chip production. (Tn most cases
chips will be cut from the film.) 1In the event that the hard copy device
will be used for chipping, it will be desirable to produce a copy at close
to a one-to-one magnification, Since the Compass Preview projection
optical system is an integral part of the hard copy capahility, the
desirability of a very low magnification capahility is again manifested,

The need for low magnification was determined by the forcgoing considera-
tions. This demonstrates that considerable versatility may be gained by

the introduction of a low magnification range. Design of the low magnifica-
tion feature had to consider, among other things, the state of the Compass
Preview development, The work done previously had resulted in a versatile
device which still retained an inherent simplicity and functionality., It
was determined that the addition of a low range should not compromise any

of the existing functional capabilities or result in unreasonable complexity,

D-1




The latter was not an easy objective in view of the fact that the Compass
Proeview system is tightly packaged and has little unused internal spacce,
Also, the multiple modes of operation had to be considercd, ‘the low magni-
fication feature should be usable not only in the film projection mode but
also in the chip projection mode, as well as the video and hard copy modes.
An evaluation of the various possibilities indicated that some type of
adapter lens or lenses added to the basic lens would be a logical approach.

Placing an adapter lens in front of another lens to gain a larger field with
reduced magnification is a well-proven technique. Many cameras are designed
to use wide angle auxiliary or adapter lenses for close work, Usually,
however, the adapter and its mating lens are designed as a pair; therefore,
the basic design can be tuned to work with the adapter. 1In the case of
Comrass Preview, however, the basic lens design had already been completed.
Since the performance of this design is nearly diffraction limited, to

touch the basic design would be at the risk of impairing its performance.

So an added requirement imposed on the designer of the wide-angle adapter
was to avoid any impairment of the basic 5% to 100X zoom performance,

In order to explore the mechanical alternatives that would influence the
optical design, several possible conecepts were laid out. A brief review

of the physical configuration within the bounds where an adapter lens might
be placed shows the alternatives. There are three possible locations for
an adapter lens or lenses:

a) Between the film plane and the flip mirror

b) Between the flip mirror and the first stationary zoom lens element

c) Inside the zoom lens (this presupposes that the zoom travel can be
restricted).

There are, of course, combinations of the foregoing which must also be
considered if the optical design dictates this.

The first alternative (i.e., a lens between the flip mirror and the film
plane) is not a good choice from the optical designer's viewpoint. The
reason is that as a lens is moved closer to the object of image plane it
becomes less effective as a magnifier. The ability of the lens to magnify,
or rather demagnify, as is the case here, becomes zero when both are in

the same plane, Since it was determined earlier that a 2X o. less magnifi-
cation was desired, the power of the adapter lens must be 0.4 to change

the 5X magnification to 2X. This means that the lens should be nearly in
the same location as the flip mirror., As an exploratory effort a hypo-
thetical lens was placed between the film and the flip mirror, This required
cutting down the length of the flip mirror, which would probably result in
some loss of field in the transverse film or "y" direction.




Mechanically, the foregoing concept is feasible. Since the area inside the
door could be utilized, the adapter lenses could be mounted on a slide or
slides ar shown, Figure D-1 illustrates in schewatic form the general idea.
In use, the lenses are inserted between the film and the flip mirror. Out
of use they retract into the door well. To have a 2X capability in both of
the flip mirror positions would actually require four adapter lenses, two
above and two below the flip mirrors. A trade study indicated that four
lenses were more desirable than a mechanism for moving these into the upper
or lower position, Since these lenses would be relatively large and headvy,
making them from plastic was considered., A preliminary assessment of the
optical problems associated with this concept ruled out continuation of the
effort, at least as a solution by itself,

An auxiliary lens placed in front of the zcom, between the flip mirror and
the first stationary lens, was next considerad, An adapter lcns as shown
in Figure D-2 is obviously far enough from the object plane so that it can
have the requisite power. Therefore, optically it may be quite feasible to
go this route. One advantage of this lens location is that only two lenses
are required, since each lens serves in both positions of the flip mirror.

The mechanism for introducing or removing a lens between the zoom and the
flip mirror is not simple, as can be seen from Figure D-3 (drawing 721517).
The main pcoblem is the severe lack of space. This requires that the lens
be translated from the stowed location and rotated to its functional posi-
tion. The flip mirror doing the transition has to be in the position shown
in Figure D-2 to avoid interference. Interlocks would have to be provided
to prevent introducing the adapter lens if the flip mirror was ir the wrong
position; or, as an alternative, the whole sequence would have to be auto-
mated to the point where all the operator need do is actuate a single
control. This can be done, although at the expense of some increased
complexity.

Since it was not certain that the single lens shown in Figure D-2 could be
designed to the required performance, additional configurations were
developed, These configurations assume that lenses bcth before and after
the flip mirrors will be required as shown in Figures D-4 and D-5, These
concepts are by far the most complex and costly, therefore the least
desirable; however, the concept does demonstrate that, if necessary, a con-
siderable number of additional optical elements could be introduced ahead
of the zoom lens.

Figure D-4 is actually 4 combination of the concepts illustrated in
Figures D-1 and D-2. As before, the large elements (a) near the film plane
are retracted into the door space when not in use. The smaller element (b)
retracts to a position above and slightly to the rear of the zoom lens.
Insertion of the smaller elemen: (b) requires that the filp mirror be in
the apprvpriate position.
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Figure D-3.

2X Adapter Lems (Alternate A) Mechmmism Layeut (Drswing #721517)
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Figure D-5 shows an alternate means for mechanizing a dual adapter lens con-
figuration, In this case the upper large lens (a) carries with 1. the
smaller auxiliary lens (b). As the two lenses move into position, lens

(b) pivots as well as translates until it is in its position between the
flip mirror and the zoom lens.

Both the configurations shown in Figures D-4 and D-5 require two of the
smaller elements (b) and four of the larger elements (a). Also, undesirable
complex precision mechanisms are involved along with considerable electrical
gear to provide all the necessary actuators, interlocks and control

sequences,

After a review of the various alternatives, it was determined that the
single lens adapter as illustrated in Figure D-2 was in the direction of
the most acceptable solution., This was based on the design aspects as well
as operational considerations.

One of the inherent limitations of this approach is the number of lens
elements that can be added. It is restricted by the space available between
the zoom lens and the flip mirror. Because of this, some thought was given
to possible locations of additional elements. One possibility was to utilize
some of the space taken by the zoom travel. Since, in the low magnification
range, the zoom lens needs to go no further than from 2X to 5X, only a small
part of the 20:1 zoom range is used, This leaves some open space between
the stationary and the moving elements in the lens. Fortunately, the first
moving element is furthest from the first stationary element when the zoom
module is in the low end of the range., Therefore, space behind the first
fixed element could be utilized to introduce additional lenses inside the
zoom module to augment those on the outside, This concept is shown in
Figure D-6., When the auxiliary lens is in place, the zoom module travel is
restricted by interlocks. When the auxiliary lens is swung out of the way,
the full zoom travel is available.

The concept shown in Figure D-6 still has the mechanical drawbacks (flip
mirror interference and complexity) attributed to the Figure D-2 concept.
The next approach sought to substantially minimize the mechanical com-
plexity., If the external lens could be eliminated entirely, much could be
gained, From the preliminary optical studies, the feasibility of using only
the internal lens was a reasonable possibility, This concept is depicted
in Figure D-7. This would be the most satisfactory mecbanical approach,
since it places all additional elements inside the zoom module. Attempts
to develop an optical solution based on this concept did not yield a system
with sufficient performance., With some reluctance it was decided to review
the Figure D-6 concept and to see if the following criteria could be

reasonably met:

a) Incorporate simple mechanical motions and therefore simple mechanisms
for introducing or retracting the lenses,

D-7
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b) Avoid the need to preposition the flip mirror before inserting the 2X
adapter.

¢) Strive to make the transition from high to low range or vice versa as
rapid as possible.

d) With the adapter lenses removed, the zoom lens should revert to its
basic configuration; therefore the performance through the 5X to 100X
range should in no way be impaired.

A concept meeting the above criteria should find user acceptance. The
transition should also be natural transition; i.e., the magnification would
be dropping at the time the low power adapter is introduced. This can be
done because the zoom module has to move to the low position to clear the
area for the auxiliary lens.

One of the more significant points mentioned above is that of transition
time. A major annoyance in the viewing process is the down time during
magnification change. With a zoom lens this, of course, is avoided. How-
ever, in the case of incremental magnification changes (such as a range
change), there is an unavoidable period of time when the image disappears
from the Viewing Module. This period of time always seems longer to the
observer than it really is. If the range change is only an occasional
event, then a lengthy transition time is a nuisance but still tolerable.
I1f, however, the changeover is frequent, and it appears likely that in some
cases it will be, then a prolonged transition time becomes an operational
impediment affecting the efficiency of the viewing process. It is, there-
fore, not only desirable but necessary to make the transition as fast as
possible and the least noticeable (abseuce of noise, vibration, image shake,
etc.).

DETAILED OPTICAL DESIGN

The most desirable configuration is depicted in Figure D-7 with all the
adapter lenses inside the zoom module. It became apparent soon after this
approach was started that a successful solution was not forthcoming. The
substantial power required of these elements (because of their location)
introduced unwanted aberrations., To achieve the 2X to 5X range the
effective focal length of the first zoom element must change from about

12 inches (for the 5X to 100X range) to about 30 inches (for the 2X to 5X
range). Since the physical space available is only about 12 inches, it is
necessary to employ a telephoto lens construction. However, this is not
an ordinary telephoto lens because the flip mirror seriously limits the
space where additional elements can be located. Consequently, it becomes
a fine tradeoff requiring the selection of elements of sufficient power
chat could be located in the available spaces and would still provide satis-
factory imagery.

The first successful approach employed three groups of elemencs, two inside
and one outside the zoom module, similar to Figure D-6 but with the addition

D-9
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of one internal element, It became apparent during the detailed evaluation
of this approach that the second internal element was contributing very
little to the performance. As a result the next solution attempted was
with the second internal element removed., The change in performance was
negligible., Since this clement only complicates the required insertion
mechanism, it was gladly deleted in the interests of simplification. The
final optical configuration is shown in Figure D-8,

The design of the low range adapter utilizes a small amount of astigmatism in
order to get the tangential field flat. Unavoidably this results in a

little radial distortion; however, the system balance is optimized, The
radial distortion in the cormer is 67 or less depending on the magnifica-
tion. Table D-1 shows the distortion values at the various field positions
and at two magnifications,

TABLE D-1. DISTORTION VALUES FOR LOW RANGE ADAPTER

Magnification Axis Zone Corner
5X 0.0% 0.17% 0.357%
2X 0.07% 2.81% 6.00%

This distortion would affect the accuracy of rapid mensuration (i.e., mensura-
tion performed by a "roving" cursor), but not precise mensuration where all
measurements are made by driving the film under the central reference cursor.
If this distortion (6% at the corner) provides too large a rapid mensuration
error, the error can be removed by adding a distortion compersation term in
the rapid mensuration program.

Figure D-9 provides a graphic presentation of what 6% distortion really
looks like. It can be seen that it takes a critical observer to detect some
deviation from a perfectly straight line.

The field positions at which the distortion values were calculated are axial,
zonal or 0.7 full field and at the corner or full field. The field covered
by the adapter lens at the 2X position is 11.40% inches in diameter. This
will nicely cover a 9.5-inch format with only a slight cutoff in the

corners. The way in which a 9.5-inch format would appear, projected at 2X
on the Compass Preview Viewing Module, is shown in Figure D-10,

The resolution that the 2,5X adapter will provide is summarized in Table
D-2, All values are in line pairs/mm and the field positions are as
described previously. '"R'" refers to the radial resolvin;. power and "T'" is
the tangential, Shown is the square wave MTF and 5% has been used as the
cutoff frequency.

Since at 2X the image does not fill the viewing screen, the previously
stated 28 ratio does not apply.
M
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TABLE D-2. RESOLUTION VALUES FOR LOW RANGE ADAPTER

Magnification Axis Zone Corner
R T R T

5X >7.0 >7.0 >7.0 3.2 6.8

X 9.0 . 8.0 7.5 2.0 6.0

The detailed performance analysis of the low range adapter is provided in the
following computer printouts (Table D-3).

DETAILED MECHANICAL DESIGN

With the optical design objectives reasonably well satisfied, it next

became necessary to establish the specific mechanical configuration, The
objectives were outlined carlicr and these became the criteria used to
evaluate the various mechanization alternatives. From the optical stand-
point, a gencral scheme as shown in Figure D-6 was required. The major
operational shortcoming of this scheme was the need to place the flip mirror
in a particular position before the front adapter lens could be inserted.

It is entirely pussible (at the expense of some added complexity) to auto-
mate the flip mirror positioning/lens insertion sequence. However, in the
interest of simplification it was decided to look for other ways which
might achieve the same result. One such way is to insert the lens in a
manner which does not interfere with the {iip mirror regardless of its
position., To implement this line of reasoning, the first step involved
reducing the length of the flip mirror to its minimum. Although the field
of view with the adapter is 11.4 inches in diameter, it is not necessary to
display a field greater than 9.5 inches wide, the width of the widest film.
Therefore, in the direction of the film width, the mirror may serve to

restrict the field,

Layouts of the reduced mirror size, based on the 9.5 transversc field,
showed a substantial increase in clearance between the zoom lens and the
edge of the mirror, At the same time other methods for inserting the lens
between the mirror were investigated. One method, which proved feasible,
entailed pivoting the lens somewhat like a pendulum. The details of this
are shown in Figure D-11 (drawing 721518) ., The drive for inserting the
lens is a small dc gearhead motor driving through a worm and gear., The
entire assembly bolts to the front face of the zoom module as shown,
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The second adapter lens is inside the zoom module, This lens is pivoted
from above and swings in or out as shown in Figure D-11. The motor and
drive mechanism is the same as for the front lens. Thought was given to
mechanicaily linking the two lens drives together, This is possible;
however, it appears to be substantially more complex than the concept shown,

In summary it can be stated that the low range adapter concept is feasible.
This assumes that the probiem of illuminating the 9.5-inch format can be
solved by reasonable means. The adapter should provide the following features:

a)
b)

c)

d)

D

An extended low magnification range of 2X to 5.4X.

Viewing the full 9,5-inch format except for the very corners as shown
in Figure D-10,

Transition from low range to high or vice versa in approximately
3 seconds,

Capability of inserting adapter lenses when flip mirrer is in either
position,

Capability of full performance of the 5X to 100X zoom module with
adapter lenses removed.

Availability of all previous operational modes in the low or high range,
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APPENDIX E

COMPASS PREVIEW/ZOOM 240 MICROSTEREOSCOPE
COMPARATIVE TESTS
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As part of this contract Northrop was furnished with a Richards MIM-33710-M
Light Table and a Bausch and Lomb Zoom 240 Microstereoscope (Ser No. 654TF)
equipped with 10X eyepieces and 0.43X stereo attachments. Since the basic
pod zoom magnification of this instrument is .7X to 3.0X, the total test
range available with the 10X eyepiece and the 0.43X stereo attachment is 3X
to 12.9X. Additionally, the instrument was tested using contractor-owned
20X Bausch & Lomb eyepieces from a lab microscope, which provide a test
range of 6X to 25.8X. These tests were conducted using the same ITEK 1951
USAF 3-bar resolution test targets that were used in making all Compass
Preview resolution measurements, and the results are shown in Table E-1,
and a plot of these results as compared to Compass Preview results is
presented in Figure E-1.

Additionally, the contractor resolution measurements of the B&L Zoom 240
were compared with measurements taken by the Optical Sciences Center of the
University of Arizona as reported in RADC-TR-70-150.

Since the contractor (Northrop) did not have the full range of B&L eyepieces
and stereo attachments available, only two points of direct comparison can
be made with the RADC-TR-150 data, as follows:

Magnification Northrop RADC-TR-70-150
6X (34 mm field) 45,8 cycles/mm 75 cycles/mm
12X (17 mm field) 76.3 cycles/mm 125 cycles/mm

The differences in these results can be explained as follows:

1) Measucement Technique:

Northrop used human operators viewing directly through the Zoom 240
eyepieces at the target mounted on the light table.

The University of Arizona measurement technique is fully reported in

RADC-TR-70-150. Briefly, it involved the use of secondary optics to

magnify and re-focus the Zoom 240 image through a pinhole and onto a

photodetector using an S-1 photocathode. The output of the detection
system was recorded on strip charts.

Quantifying the differences of these two test methods would reguire

a lengthy test program, and involve test equipment not provided under
this contract. However, the eye measurements will certainly show
lower resolution than electronic measurements, depending on the

image modulation and eye response to that modulation. As reported

in RADC-TR-70-150 "unfortunately, the effect of the retina on the
image modulation is much more difficult to predict since there are
many variables which can influence the SWR and Sq WR of the eye'",
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TABLE E-1. RESOLUTION MEASUREMENTS - ZOOM 240 USING
1951 USAF 3-BAR RESOLUTION TEST TARGET

Line Pairs per mm
(.43X Stereo Lens Attachment)

Magnification 10X Eyepiece 20X Eyepiece

23,
32,
39.
45,
51.
60.
62,
70,
72,
76.
78.

B T R e B

O WO WVME NN O =W

&

ONPPEEPFNDLLWLWWLLIWVMY O FFNWWO O W
T Pt M e T T PR




T T T T

2. Test Target Used:

Northrop used the 1951 USAF 3-bar resolution test target, wherein y
the observer must be able to see 3 horizontal and 3 vertical bars

(3 cycles each).

T RS

e

3 The University of Arizona used a 15 bar (cycle) target, with vertical
bars only.

Both are square wave (not sine wave) targets, of high contrast,

Arguments are presented in RADC-TR-70-150 that a minimum of 7 cycles
are required in the test target to effectively approximate a square
wave train of infinite extent, If true, the contractor use of the
USAF 3-bar target has somewhat degraded 'hie resolution results (both
for Compass Previcw and the Zoom 240) , Further, in use of the 3-bar
targcet, the requirement that the operator be able to "sce" both the

' horizontal and the vertical bars leads to more conscrvative resolution
measurements, For nearly every contractor reading, one to two groups
of higher resolution could be reported if vertical bars only were read.

TR T I A YR B S e R M AR B

3. The Instrument Used:

The contractor had available only one B&L Zoom 240 for test, and no
precise method of determining whether or not that particular instru-
ment (serial number 654 TF) performs to the manufacturer's, or
government, specifications,
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MISSION
of

Rome Air Development Center

SN

RADC is the principal AFSC organization charged with
planning and executing the USAF exploratory and advanced
development programs for electromagnetic intelligence
techniques, reliability and compatibility techniques for
electronic systems, electromagnetic transmission and
reception, ground pased surveillance, grounc
communications, information displays and information
processing. This Center provides technical or
management assistance in support of studies, analyses,
development planning activities, acquisition, test,
evaluation, modification, and operation of aerospace
systems and related equipment.
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